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A b r a s i o n  o f  d e n t a l  c o m p o s i t e s  i s  s u p p o s e d  t o  b e  o n e  i m -
n o r t a n t  r e a s o n  f o r  f a i l u r e  a n d  r e n e w a l  o f  r e s t o r a t i o n s .  B e -
c a u s e  m o d e r n  c o m p o s i t e s  h a v e  e x c e l - f e n t  e s t h e t i c  p r o p e r t i e s
L h e r e  i s  a  t e n d e n c y  t o  u s e  c o m p o s i t e s  i n  t h e  p r e m o l a r / m o l a r
r e g i o n s .  N u m e r o u s  p u b l i c a t i o n s  h a v e  b e e n  p u b l i s h e d  c o n c e r n -
i n g  q u a l i t a t i v e  c o m p o s i t e  r e s t o r a t i o n  a b r a s i o n .  V e r y  f e w
q u a n t i t a t i v e  a b r a s i o n  i n v e s t i g a t i o n s  h a v e  b e e n  c a r r i e d  o u t .
Some recent  s tud ies  ind ica te  tha t  modern  compos i tes  a re
u n a b f e  t o  r e s i s t  t h e  o c c l u s a l  f o r c e s  a s  f a r  a s  e x t r e m e  l o s s
o f  m a t e r i a l  i n  c l a s s  I  a n d  c l a s s  I I  r e s t o r a t i o n s  i s  c o n c e r -
n e d .  T h e r e f o r e  a  q u a n t i - t a t i v e  i n  v i v o  a b r a s i o n  s t u d y  w a s  d o -
n e  w i t h  6  d i . f f e r e n t  c o m p o s i t e  s y s t e m s .  T h e  s y s t e m s  w e r e  u n -
f i  l  l e d  -  m n c r n - f i  l  1 p r l  m i c r n - f i  l  l c d  a n d  m a c r o - m i c r o - f i 1 ] e d .
,  
r , r u e r  t  r : L  L u r v
B o t h  c o l d  c u r i n g  a n d  l - i g h t  c u r i n g  c o m p o s i t e s  w e r e  i n v e s t i -
g a t e d .
T n  c h a n t p r  I  f h e  a i m s  a r e  s n e c i  f i e d :
I .  t o  q u a n t i f y  c o m p o s i t e  a b r a s i o n  I N  V I V O .
2 -  t o  c o m n a r e  d i f f e r e n c e s i n  i n  v i v o  a b r a s i o n  b e t w e e n u n f i f -
1 e d ,  m i c r o - f i I l e d  a n d  m a c r o - f i l l e d  c o m p o s i t e s  a s  w e l l  a s
b e t v / e e n  c o l d  a n d  l i g h t  c u r e d  s y s t e m s .
3 .  t o  o b t a i n  i n f o r m a t i o n  o n  t h e  m e c h a n i s m ( s )  i n f l u e n c i n g
a b r a s i o n  i n  v i v o .
4 .  to  compare  some re levant  mechan ica ]  and chemica l  p roper -
t i e s  o f  c o m p o s i t e s  i n  v i t r o  a n d  i n  v i v o .
A  s u r v e y  o f  t h e  l i t e r a t u r e  o n  c o m p o s i t e  a b r a s i o n  i n  v i v o
- - J  r -  - - r + e ^  i ^  - i r r e n  i n  c h a n f c r  2 ,  T h e  r e s u l t S  o f  t h e  f e wv f L ! v  r r  9 r v s r r  r r r  u r r q t / u c r  . .
q u a n t i t a t i v e  i n v e s t i g a t i o n s  a r e  g i v e n .  T h e  m e t h o d  u s e d  i n
g e n e r a )  w a s  L h e  I i n e a r  p r o p h i l o m e t e r  t e c h n i q u e .
-  I  l l -
F r o m  t h e  l - i t e r a t u r e  i t  i s  i n d i c a t e d  t h a t :
M i c r o - f i l l e d  c o m p o s i t e s  a b r a d e  l e s s  t h a n  t h e  m a c r o - f i l l e d
fvnes  in  r l i r ro :  res to ra t ions  based on  PMMA abrade more  in
v ivo  than the  B is -GIv lA  based compos i tes ;  there  is  NO re la t ion
b e t w e e n  i n  v i t r o  a n d  i n  v i v o  a b r a s i - o n  r e s u l t s .
In  chapter  3  methods  and mater j -a ls  used in  th is  work  a re
d e s c r i b e d ;  t h e y  c a n  b e  d i v i d e d  i n  t w o  m a i n  p a r t s :
I .  C l i n i c a L  a b r a s i o n  o n  1 8  p a t i e n t s  w i t h  e a c h  2  o r  3  o c c l u -
s a l  c o m p o s i t e  r e s t o r a t i o n s .  P a t i e n t s ,  r e s t o r a t i o n s ,  a b r a -
s j - o n  m e a s u r i n g  t e c h n i q u e ,  a c c u r a c y  a n d  r e p r o d u c i b i l i t y
a r e  p r e s e n t e d  i n  d e t a i l .
T h e  c l i n i c a l  a b r a s i o n  w a s  q u a n t i f i e d  a f t e r  v a r i o u s  p e -
r i o d s  u p  t o  I B  m o n t h s .
2 .  L a b o r a L o r y  i n o e s t i g a t i o n s . '  s c a n n i n g  e l e c t r o n  m i c r o s c o p y
( S E M ) ,  i n f r a - r e d  s p e c t r o s c o p y  ( T R ) ,  m i c r o h a r d n e s s  m e a s u -
rements  and compress ive  s t rength  measurements  as  we l l  as
w a t e r  a b s o r p t i o n  m e a s u r e m e n t s  a r e  d e s c r i b e d .
SEIq ,  IR  and mic rohardness  da ta  were  car r ied  ou t  on  com-
p o s i t e s  t h a t  h a d  b e e n  I L  y e a r s  i n  t h e  m o u t h  a s  w e l l  a s
o n  u i l r o  m a t e r i a f .
C h a p t e r  4  g i v e s  t h e  i n d i v i d u a l  a n d  t h e  a v e r a g e  a b r a s i o n
r e s u l t s  f o r  t h e  6  c o m p o s i t e  s y s t e m s  a f t e r  I I  y e a r s  c l i n i c a l
T h e  m a i n  c o n c l u s i o n s  a r e :
a .  S e v r i t o n ,  C o n c i s e  a n d  I s o p a s t  ( u n f i l 1 e d ,  m a c r o - f i l l e d  a n d
m i c r o - f i  I  l e d  -  r ^ - *  \  ^ L ^ "  -  - ^ - ^ u r a b l ^ e  a b r a s i o n  w i t h  r e s -
,  
r s J l ' . ,  5 r r v w  o  l t t s o J
p e c t  t o  t h e  s t a r t i n g  s i t u a t i o n  a f t e r  5  m o n t h s  ( p  <  0 . 0 5 ) ,
C o n c i s e  e v e n  a f t e r  I  m o n t h  ( p  <  0 . 0 5 ) .
b .  M i r a d a p t ,  H e l i o s i t  a n d  H e l i o m o l a r  d o  N O T  s h o w  a  s i g n i f i -
c a n t  a b r a s i o n  a f t e r  I 8  m o n t h s .
c .  T h e  m a c r o - f i l l e d  t y p e  c o r n o o s i t e  ( C o n c i s e )  a b r a d e s  s i g n i -
f i c a n t l y  r n o r e  t h a n  t h e  m i c r o - f i I l e d  t y p e s  a n d  t h e  m a c r o -
m i c r o - f i l f e d  t y p e  I u i r a d a p t .
d .  T h e  u n f i l l e d  P M M A  t y p e  c o m p o s i t e  ( S e v r i t o n )  a b r a d e s  s i g -
- I I 6 -
n i f i c a n t l y  m o r e  t h a n  t h e  m i c r o - f i 1 l e d  t y p e s  H e l l o s i t  a n d
H e l i o m o l a r .
e .  T h e r e  i s  N O  s t a t i - s t i c a 1 1 y  s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n
t h e  a b r a s i o n  o f  C o n c i s e  ( m a c r o - f i l l e d )  a n d  S e v r i t o n  ( u n -
f i l l e d ) .
r h  ^ L - ^ + ^ r  c  - e C h a n i C a l  a n d  c h e m i c a l  n r n n e r f i e s  n f  t h eY !  v y v !
c o m p o s i t e  s y s t e m s  i n v e s t i g a t e d  a r e  c o m p a r e d .
T h e  m a i n  c o n c l u s i o n s  a r e :
a .  H a r d n e s s  m e a s u r e m e n t s :
I .  M i c r o h a r d n e s s  v a l u e s  ( K H N )  o f  t h e  c o m p o s i t e  s y s t e m s
a f t e r  I 8  m o n t h s  i n  v i v o  a r e  s i g n i f i c a n t l y  h i g h e r  t h a n
th 'e  24  hours  da ta .
2 .  T h e  r a t i o  o f  t h e  i n  v i v o  K H N  v a l u e s  w i t h  r e s p e c t  t o
t h e  2 4  h o u r s  v a l u e s  i s  a b o u t  2 - 3 .
3 .  H a r d n e s s i n c r e a s e  i n  v i v o  i s  n e a r l y i n d e p e n d e n t  o f  t h e
c o m p o s i t e  s y s t e m .
h -  T n f r : - r c d  q n e c t r o s c o n v :  t h c  C  =  C  b o n d  c o n l e n t  i s  a f t e r
I l  y e a r s  i n  v i v o  u s e  c o m p a r a b l e  f o r  a l l  c o m p o s i t e  s y s -
t e m s  s t u d i e d .
c .  Compress ive  s t rength  and compress ion  da ta :
l .  T h e  c o m p o s i t e  s y s t e m  d e t e r m i n e s  t h e  n u m e r i c a l  m a x j - m u m
c o m p r e s s i v e  s t r e n g t h ;  i t  d o e s  i n  v i t r o  n o t  m e a s u r a b l y
c h e n c o  i n  i - i m a  ^ r t a r  l L  r ; o a r c  ' l ' h o  I  i a h #  n r r r a d  c \ / c + o m c2  f  v s l r  r f  r u e r L L r ,
h n r ^ r a r r o r  i  n n r ^ - c a  a r r l - , c + r n + . i  - ' l  1 \ ,  i  n  a a m n r a c c i r : a
,  
f r r e r v q r s  5 u u D L q r r L r a r f y  f r r  u v r u l r r s s s r v c
s t r e n g t h .
2 .  W a t e r  u p t a k e  d o e s  n o t  m e a s u r a b l y  i n f f u e n c e  c o m p r e s s i v e
s t r e n g t h .
3 .  Rank ing  the  6  compos i te  sys tems accord ing  to  the i r
max imum compress ive  s t rength  va lues :
He l ios i t  >  Mi radapt  tu  Conc ise  tu  He l iomolar  tu  Isopas t
> >  S e v r i t o n ,
4 .  T h e  c o m p r e s s i o n  m o d u l e  v a l u e s  f o r  C o n c i s e  ( m a c r o - f i 1 -
led)  and Mi radapt  (macro-mlc ro- f i I led)  a re  comparab le
and about  2  t imes h igher  than the  modu les  fo r  un f i l -
I e d  o r  m i c r o f i n e - f i I l e d  c o m p o s i t e s .
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d.  Water  up take  exper iments .  They  show tha t  i f  we rank  the
3 compos i te  types  accord ing  to  water  up take :
l .  Unf i l l -ed  po lymer  >> mic ro f ine- f i l l ed  compos i tes  >  ma-
c r o - f  i l l e d  c o m p o s i t e s .
2 .  D imens ion  inc rease caused by  water  up take  in  a l l  com-
pos i tes  i s  a lways  more  than the  d imens ion  decrease
caused by  po lymer iza t ion  shr inkage.
fn  chapter  6  the  main  resu l ts  and conc lus ions  on  the  SEM
inves t iga ted  in  u iuo  wsed compos i tes  a re  g iven.  Inves t iga ted
were  i -n  de ta i l  bo th  the  abraded sur faces  as  we l l  as  the  com-
pos i te  sur faces  prev ious ly  in  contac t  w i th  dent ine  or  enamel
( n o t  a b r a d e d ) .
Separa te ly ,  SEM data  are  presented  on  the  marg ina l  in te -
g r a t y  o f  t h e  6  c o m p o s i t e  s y s t e m s  a f t e r  1 1  y e a r s  i n  v i v o .
T h e  m a i n  c o n c l u s i o n s  a r e :
a .  The in  v ivo  abraded compos i te  sur face  is  VERY d i f fe ren t
f rom the  compos i te  sur face  prev ious ly  j -n  contac t  w i th
d e n t i n e  o r  e n a m e l .
b .  The s t ruc tu re  o f  the  abraded compos i te  sur face  has  chang-
ed in  v ivo  s t rong ly  and shows numerous  c racks  and poros i -
t i e s  ( s u r f a c e  d e g r a d a t i o n )  .
c .  The degradat ion  ment ioned above occurs  in  un f i l l ed ,  ma-
c r o - f i l l e d  a n d  i n  t h e  m i c r o - f i 1 l e d  s y s t e m s .
d .  Marg ina l  f rac tu re  in  the  6  compos i te  sys tems inves t iga ted
w a s  n o f  a  n r o l - r l g 1 1 1 .
The sur face  degradat ion  is  most  l i ke1y  d i rec t l y  re la ted
to  the  occ lusa l  abras ion .  I t  i s  conc luded tha t  compos i te
abras ion  is  due to  the  combina t ion  o f :  mechan ica l  load ing
and chemica l  a t tack  f rom the  agress j -ve  ora l  env i ronment  and
o c c u r s  a s  f o l l o w s :
A s  a  ( f i r s t )  p o s s i b l e  s t e p ,  m e c h a n i c a l  f o r c e s  l o a d i n g  t h e
compos i te  res to ra t ions  numerous  t imes a  day  a t  var j -ous
p o i n t s ,  c a u s e  m i c r o  c r a c k s  i n  t h e  c o m p o s i t e .  S u b s e q u e n t l y ,
as  a  second s tep ,  the  ora l  env i ronment  (chemica l l y )  causes
in  and near  these mic ro  c racks  a  chemica l  b reakdown o f  the
- 1 r 8 -
compos i te  sur face  resu l t ing  in  loca l  poros i t ies  penet ra t ing
in  depth  depend ing  on  the  compos i te  f , ype . '
l )  m i c r o f i n e - f i 1 1 e d  <  m a c r o - f i 1 1 e d  <  u n f i l l e d  s y s t e m s .
2 )  l i g h t  c u r e d  <  c o l d  c u r e d .
( In  rea l i t y  i t  i s  no t  known i f  the  s teps  one and two occur
in  th ls  sequence or  tha t  chemica l  a t tack  preceeds mechan ica l
damage)  .
As  a  th i rd  s tep ,  the  mechan ica l  fo rces  remove the  weak
and porous  sur face  layer  and the  cyc le  i s  repeated .
In  chapter  7  an  in  v i t ro  p i lo t  s tudy  o f  chemica l  a t tack
on compos iLes  in  u i t ro  i s  descr ibed;  the  in f luence o f  de ter -
gents ,  ox id is ing  and a lka l ine  agents  on  compos i tes  was
checked and measured by  means o f  SEM micrographs .
The pre l im inary  conc lus ions  are :
There  is  no  s ign i - f i can t  d j - f fe rence be tween the  degree o f
sur face  des t ruc t ion  (degradat ion)  o r  des t ruc t ion  depth  f rom
3  w e e k s  u p t o  l  y e a r  j - n t h i s  m e c h a n i c a l l y u n l - o a d e d  s i t u a t i o n .
The fac t  tha t  1 )  in  v i t ro  chemica l  a t tack  is  l j -m i ted  co  a
th in  sur face  layer  and 2)  in  v ivo  abras ion  o f  un loaded com-
p o s i t e s  ( e . 9 .  c e r v i c a l l y )  i s  n o t  m e a s u r a b l e ,  s u b s t a n t i a t e
both  the  abras ion  mode l  ment ioned in  chapter  6 .
For  the  c l in ica l  p rac t ice  the  fo l low ing  resu l ts  a re  im-
por tan t :
a .  A b r a s i o n  ( i n  c l a s s  I  s i t u a t i o n s )  o f  m o d e r n  c o m p o s i t e s  i s
comparab le  to  amalgam abras ion  and in  p rac t ice  neg l igab le .
b .  M i c r o f i n e  c o m p o s i t e s  s h o w  t h e  l e a s t  c l i n i c a l  a b r a s i o n .
c .  L igh t  cured  compos i tes  abrade less  than g6 fd  su lsd  c r rc -
tems in  v ivo .
d .  Marg ina l  f rac tu re  o f  modern  compos i tes  i s  no t  a  l im i t ing
fac tor  fo r  use  in  v ivo .
e .  C o m p o s i t e  f i l l i n g s  j - n c r e a s e  i n  h a r d n e s s  i n  v i v o .
f .  Abras ion  in  v ivo  is  on  one hand depend ing  on  the  mecha-
n j -ca l  load ing  and on  the  o ther  hand on  chemica l  a t tack
in  the  mouth .
- r t 9 -
